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Introduced by DuPont,
Introduced by others

2000
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PVC

PS, PMMA Sheet
LDPE

Polyurethanes

PEO, SBR, Epoxy Resins
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Silicone Elastomers

Polyethylene terephthalate

ABS, Cis PIP
Cis Polybutadiene

Polycarbonates
Isotactic PP
Carbon Fibers

Polyphenylene Sulfide
SBS TPE

Polyether Sulfone
Polyarylate

PEEK
PBI

LCP
Perfluoroelastomer(Kalrez®)

Polyester TPE(Hytrel®)
Aramid Fiber(Kevlar®)

Aramid Fiber(Nomex®)
Ionomer(Surlyn®)
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U.S. Production ofU.S. Production of
Petroleum-Based PolymersPetroleum-Based Polymers

1998:  ~85x109 lbs
1923:  ~23x106 lbs

HDPE

5000000 B.C. Animal Skin
    24000 B.C. Plant Fiber
    10000 B.C. Flax, Ramie, Jute
      9000 B.C. Wool
      5000 B.C. Silk
      3000 B.C. Cotton
      1850 A.D. Carbon
      1884 A.D. Rayon
      1902 A.D. Acetate
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Plastics play a key 
role in energy efficiency through 
weight reduction of automobiles
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Man-made fibers have largely penetrated natural fibers…..

But we are still early in the game for penetration 
of metal and glass by polymers
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Domestic Refrigerator-Freezer 
Electricity Use (kWh/year)
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United States Data for 570 liter internal volume unit

Plastics  and improved designs improve
refrigeration and air conditioning energy effieciency
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nn

ÐÐ bioprocessingbioprocessing/renewable /renewable feedstocksfeedstocks
ÐÐ plants as plantsplants as plants
ÐÐ sustainable processessustainable processes

nn

ÐÐ transportationtransportation
ÐÐ packaging/insulationpackaging/insulation

nn

ÐÐ batteries, batteries, fuel cellsfuel cells,,

nn
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nn Recombinant DNA technologyRecombinant DNA technology
nn Applications to chemicals andApplications to chemicals and

polymerspolymers
ÐÐ PropanediolPropanediol and Polypropylene and Polypropylene

terepthalateterepthalate
ÐÐ Plants as (chemical) plantsPlants as (chemical) plants
ÐÐ Biomimetic Biomimetic materialsmaterials

nn SpiderSpider dragline dragline silk silk
nn Abalone shellAbalone shell



Bio-Functionality: Link toBio-Functionality: Link to
MarketsMarkets

Marketable Properties
• Increased strength and elasticity
increased fracture toughness,

• Isotactic polymers, chiral chemicals,
etc.

•Ability to distinguish subtle chemical
size or shape differences

•Alter chem/physical behavior in
response to environment

•Precisely Engineered Nanostructure

•Precisely controlled minute motion

•Eliminates/lessens rejection

Bio-Capability
•Morphological Order

•Chemical Order

•Molecular
Recognition/Selectivity

•Dynamic Surface Interactions

•Self-Assembly, Replication

•Molecular Motion

•Bio-compatibility
Biotech Revolution



• Greatest biological diversity

• Broad range of feedstocks

• Chemically specific

• Commercial experience with
enzymatic processes

• Minimal environmental
footprint

Industrial MicrobiologyIndustrial Microbiology

Biotech Revolution



Microbial Production ofMicrobial Production of
1, 3- 1, 3- PropanediolPropanediol

Fermentation Scale-UpFermentation Scale-Up

BacteriumBacterium

GlucoseGlucose 3G3G

Use a single, patented bacteriumUse a single, patented bacterium
to convert glucose to convert glucose 

to 3G (1,3 propandiol).to 3G (1,3 propandiol).
Final Separation of ProductFinal Separation of Product

Biotech Revolution



• Ultimate production platform

• Zero variable cost

• Unique functionality

• Economic product concentration key to
commercial success

Biotech Revolution



Development of Monomer-Producing Plants
1999

1998

1996

1993

1988

Development of green plant production
of p-hydroxybenzoic acid, a key
intermediate for DuPont’s liquid-crystal
polymer offering,  Zenite

Literature reports 
Transgenic tobacco produces 
0.25% monomer

August -  DuPont produces
5% momoner  in Tobacco
plants
(20X literature’s best)

Literature reports
plants that make 0.05%
monomer

Literature reports plants
produce 0 - 0.0001%monomer

Biotech Revolution
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• Altering Agronomic Traits

• Growing on Non-Arable Land

• Manufacturing in Low Value
Plants

• Flexibility in Processing Plants

Biotech Revolution



• Biomimetic Catalysts

• Biomimetic Enhancement of Materials

• Biomimetic Chemical Processes

Biotech Revolution


